substrate binding intact. Therefore, PTP-substrate comFurthermore, the recent structural analysis of the highly related phosphatase PTP1B suggests that the preferred plexes can be isolated by coimmunoprecipitation, and the substrates can subsequently be identified. Here, we substrates of both TCPTP and PTP1B likely contain a tandem tyrosine motif such as that found in the activause an in vivo substrate-trapping approach to identify substrates of TCPTP. tion loop of the JAK family of tyrosine kinases [14] . Since TCPTP is abundantly expressed in multiple hematopoietic cell types, and a significant fraction of the protein Results resides in the cytoplasm in hematopoietic cells (see Figure S1 in the Supplementary Material available with JAK1 and JAK3 Are Substrates of TCPTP The phenotype of TCPTP-deficient mice is consistent this article online), we asked whether JAK family members are substrates for TCPTP. We constructed either with a role for TCPTP in regulating cytokine signaling. wild-type (WT) or D182A (DA) substrate-trapping mutants of TCPTP to isolate potential substrates by coimmunoprecipitation in vivo. In preliminary experiments, cotransfection of TCPTP-DA with JAK1, JAK2, JAK3, and TYK2, followed by immunoprecipitation of TCPTP and anti-phosphotyrosine blotting, indicated that TCPTP does bind to JAK family members (see Figure  S2 in the Supplementary Material available with this article online).
To investigate the role of TCPTP in endogenous cytokine signaling, CTLL-2 cells, a cytotoxic T cell line dependent on IL-2 for growth, were transfected with TCPTP-WT, TCPTP-DA, or empty vector and stimulated with IL-2 to activate the IL-2 receptor as well as the downstream effectors JAK1 and JAK3. Putative substrates were revealed by immunoprecipitation of TCPTP and anti-phosphotyrosine immunoblotting to detect tyrosine-phosphorylated proteins bound by the TCPTP-DA-trapping mutant. In CTLL-2 cells stimulated with IL-2, two coimmunoprecipitating substrates were revealed by anti-phosphotyrosine immunoblotting ( Figure  1A ). Selective coimmunoprecipitation of these two substrates, from the numerous phosphoproteins present in the IL-2-stimulated lysates of these cells, indicates specificity in substrate recognition by TCPTP. Based upon the molecular weight of the coimmunoprecipitating bands and the observed inducible tyrosine phosphorylation of these proteins following IL-2 stimulation, we reasoned that these putative substrates might indeed be JAK1 and JAK3, both of which are activated 
Discussion
The molecular events that negatively regulate cytokine signaling pathways remain largely unknown. The SOCS and PIAS family of proteins, as well as the PTPs SHP-1 and CD45, have been reported to play a role in regulating cytokine signaling events [16] . SHP-1-deficient mice display gross hematopoietic abnormalities such as autoimmunity and macrophage hyperactivation that seem to indicate a negative role in cytokine signaling [17] . SHP-1 is known to play a well-characterized role in the negative regulation of antigen receptor signaling, as both T and B cells from SHP-1-deficient animals are hyperproliferative in vivo [18] . In SHP-1-deficient mice, hyperphosphorylation of JAK1 is observed in interferon signaling [19] , and prolonged phosphorylation of JAK2 is observed after injection of growth hormone [20] . In the context of erythropoietin receptor signaling, recruitment 
Experimental Procedures
Due to the high similarity within the respective catalytic domains of TCPTP and PTP1B, they were predicted 
